Background: Patient selection for critical care admission must balance patient safety with optimal resource allocation. This study aimed to determine the relationship between critical care admission, and postoperative mortality after abdominal surgery. Methods: This prespecified secondary analysis of a multicentre, prospective, observational study included consecutive patients enrolled in the DISCOVER study from UK and Republic of Ireland undergoing major gastrointestinal and liver surgery between October and December 2014. The primary outcome was 30-day mortality. Multivariate logistic regression was used to explore associations between critical care admission (planned and unplanned) and mortality, and intercentre variation in critical care admission after emergency laparotomy. Results: Of 4529 patients included, 37.8% (n¼1713) underwent planned critical care admissions from theatre. Some 3.1% (n¼86/2816) admitted to ward-level care subsequently underwent unplanned critical care admission. Overall 30-day mortality was 2.9% (n¼133/4519), and the risk-adjusted association between 30-day mortality and critical care admission was higher in unplanned [odds ratio (OR): 8.65, 95% confidence interval (CI): 3.51e19.97) than planned admissions (OR: 2.32, 95% CI: 1.43e3.85). Some 26.7% of patients (n¼1210/4529) underwent emergency laparotomies. After adjustment, 49.3% (95% CI: 46.8e51.9%, P<0.001) were predicted to have planned critical care admissions, with 7% (n¼10/145) of centres outside the 95% CI. Conclusions: After risk adjustment, no 30-day survival benefit was identified for either planned or unplanned postoperative admissions to critical care within this cohort. This likely represents appropriate admission of the highest-risk patients. Planned admissions in selected, intermediate-risk patients may present a strategy to mitigate the risk of unplanned admission. Substantial inter-centre variation exists in planned critical care admissions after emergency laparotomies.
Demand for critical care services is increasing. In 2016, the occupancy rate for critical care beds in the UK was 81.9%, with 4093 urgent operations cancelled because of lack of availability. 1 As technical advances in surgical and perioperative care enable more complex surgical procedures to be performed on higher-risk patient groups, it will be increasingly important to ensure patients are selected appropriately to benefit from planned postoperative critical care admission. Populationlevel data suggest that 73% of patients that die after surgery across Europe are not routinely admitted to postoperative critical care (Level 2 or 3 beds), 2 with unplanned admission to critical care from ward-level care (Level 0) conveying twice the risk of in-hospital death when compared with planned admission from theatre. Major gastrointestinal and liver surgery, both elective and emergency, is associated with considerable morbidity and mortality. The development of postoperative complications is associated with an increase in both short-and long-term mortality. 2e4 A single postoperative complication of any type can be associated with reduced long-term survival. 4 Therefore, measures to facilitate early identification of complications through enhanced monitoring and timely 'rescue' through appropriate intervention have been widely implemented. 5 The highest risk patients or patients undergoing high-risk surgery (e.g. emergency laparotomy) 6 are often routinely admitted directly to critical care after surgery as a precautionary and preventative measure. However, previous studies 2,7e10 have not demonstrated a clear benefit to planned critical care admissions on postoperative mortality, even after risk adjustment. This has prompted debate on the added value provided to patients outside those at the highest risk of complications, undergoing emergency surgery, or with significant perioperative events. 11, 12 Furthermore, substantial variations in practice between hospitals have been observed, 10, 13 with 31e100% (median: 56%) of emergency laparotomy patients being admitted to critical care after operation across England. 13 As such, recent reports by National Confidential Enquiry into Patient Outcomes and Death (NCEPOD) and the King's Fund have highlighted the optimisation of postoperative care, including allocation to appropriate levels of care, as a quality improvement priority.
14, 15 The primary aim of this study was to determine the relationship between direct admission to critical care from theatre after major gastrointestinal and liver surgery, and 30-day postoperative mortality rate. The secondary aim was to explore inter-centre variation in planned admission to critical care after high-risk surgery (using emergency laparotomy as an example).
Methods
This multicentre, prospective, observational study was disseminated through a medical student and surgical trainee collaborative network, with coverage across the UK and Republic of Ireland. Teams of medical students, a junior doctor, and an overseeing consultant surgeon collected data in accordance with a prespecified protocol. 16 23 In addition, the operative centre was modelled as a random-effect in the mixed-effects model exploring inter-centre variation in emergency laparotomy admission to critical care. All effect estimates are presented as odds ratio (OR), alongside the corresponding 95% confidence intervals (CI). The admission rates after indirect standardisation and mixed-effects logistic regression were displayed on funnel plots alongside 95% and 99.9% CI.
Data quality and validation
All investigators were required to complete a mandatory online training module. Some 10% of all included patients were validated by independent investigators for accuracy. Eleven predefined data points were validated for each patient.
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Results
Patient characteristics
Of the 4529 patients included across 163 centres in the UK and Ireland, 2816 (62.2%) returned directly to the ward and 1713 (37.8%) were admitted to critical care from theatre ( Fig. 1 ). Of those patients returning to the ward, 86 (3.1%) were later admitted to critical care. The mean age of the cohort was 62 (range: 18e97) yr, half of who were male (50.5%). The most commonly included operations were right hemicolectomy (16%), anterior resection (11%), and small bowel resection (7.3%). Some 35% of patients were ASA physical status 3 and above, 1210 (27%) were operated as an emergency, and 2169 (48%) had a malignant indication for surgery. Across the study data-set, independent validation of 12 096 data points from 1008 patients demonstrated data accuracy of 98.0% and case ascertainment of 92.2%. The characteristics of the patients not admitted to critical care had significantly different characteristics to those undergoing planned or unplanned critical care admissions (Table 1) . Patients who were admitted to critical care were significantly more likely to be older, have a higher ASA physical status and higher operative risk class compared with those who were not admitted. Furthermore, those with planned critical care admission from theatre were more likely to be male, have emergency or open surgery, a malignant operative indication, or higher revised cardiac risk index (RCRI) score. However, it should also be noted that those with unplanned critical care admissions were significantly more likely to be current smokers.
Thirty-day postoperative mortality rate
Across the cohort, the overall 30-day mortality was 2.9% (n¼133/4519). The 30-day mortality was 1.2% for elective surgery and 7.6% for emergency surgery ( Table 2 ). The unadjusted 30-day mortality was 5.3% in the planned critical care admission from theatre group, 12.8% in the unplanned critical care admissions from ward care, and 1.2% in patients who remained on the ward. The prevalence of specific postoperative complications in patients with an unplanned critical care admission is provided in Supplementary material (File 1).
In the univariable model, planned admission to critical care from theatre was associated with a five-fold higher risk of 30-day postoperative mortality (OR: 4.83, 95% CI: 3.10e7.78, P<0.001), and unplanned admission to critical care from ward care with a 15 times higher risk of mortality (OR: 14.96, 95% CI: 6.62e31.58, P<0.001), than patients who remained on the ward. In the risk adjusted multivariate model (c-statistic: 0.851) the increased risk of 30-day mortality persisted with both planned (OR: 2.32, 95% CI: 1.43e3.85, P<0.001) and unplanned admission to critical care (OR: 8.65, 95% CI: 3.51e19.97, P<0.001). Other factors predictive of 30-day mortality after risk adjustment were underweight BMI, ASA status !4, and emergency operation (Table 2 and Fig. 2 ).
Inter-centre variation in rate of admission to critical care for emergency laparotomy There were 1210 emergency laparotomies performed at 145 centres over the study period, with a mean of 8.3 patients per centre (median: 7, range: 1e36). Of these patients, 48% had a planned admission to critical care from theatre. At least 80% of patients were admitted in 15% of centres, and fewer than 40% in 39% of centres. The indirectly standardised admission rate of emergency laparotomies to critical care across all centres (Supplementary material, File 2) was 44.3% (95% CI: 40.8e47.8%, P<0.001). After adjustment in a mixed-effects model for case-mix at each centre (Table 3) , it was estimated that the mean proportion of patients admitted to critical care after their emergency laparotomy (Supplementary material, File 2) was 49.3% (95% CI: 46.8e51.9%, P<0.001).
There was substantial inter-centre variation in both the total number of emergency laparotomy patients and the riskadjusted admission rates to critical care (Supplementary material, File 2). In total, there were 10 centres (7.0%) which were outliers to the risk adjusted rate of planned critical care admission. There were 19 centres at which no emergency laparotomies were admitted to critical care (mean: 2.8 patients, range: 1e12). 
Discussion
The principal finding was that after risk adjustment for patient, disease and operation-specific factors, planned and unplanned admissions to critical care were associated with higher odds of 30-day postoperative mortality. Converse to common expectations, but consistent with similar studies, 2,7e10 this analysis did not demonstrate a benefit to critical care on 30-day postoperative mortality. This likely represents the presence of unaccounted confounding factors because of appropriate selection bias of patients at higher risk of mortality being admitted. This is difficult to adequately account for in observational research, although this methodology remains best suited to explore this issue, given the ethical and practical difficulties in conducting randomised service-level research regarding critical care admission. 12 There is ongoing debate on whether planned critical care admissions provide a benefit particularly to 'intermediaterisk' patients (i.e. outside those at the highest risk of complications or emergency surgical patients) and whether it reduces the incidence of so called 'failure to rescue' (i.e. patients who die after a postoperative complication). 11, 12 Critical care is a costly and finite resource and many patients with planned admissions directly from theatre do not require traditional critical care interventions (e.g. organ support or invasive monitoring). 11 Thus, the benefit associated with routine critical care admission may actually derive from the enhanced nursing support, early recognition and management of postoperative complications, and increased resources to support enhanced recovery after surgery programmes. 24 Furthermore, critical care is resource-intensive, limited in capacity, and not without the risk of harm (i.e. delirium, delayed mobilisation, or hospital acquired infection). 24, 25 Interventions such as implementation of PACUs or '23-hour' recovery, expansion of specialist wards with enhanced nursing input (e.g. Level 1 high dependency units), improved critical care outreach services, perioperative medicine teams, and other quality improvement initiatives may reduce the incidence of failure to rescue and have been identified as areas for further investigation. 24, 26, 27 Strategies for improved triage and risk prediction models to identify who will benefit from planned critical care admission are also essential; this has been highlighted as a major focus for perioperative care research in the future. 27 Unplanned admissions to critical care represented a small but important minority (n¼86) and were associated with worse survival outcomes than planned admissions, as previously reported. 7, 10, 28 The European Surgical Outcomes Study 2 identified that 73% of inpatient deaths were never admitted to critical care after operation, with 43% of those who died having been discharged from critical care; the authors highlighted a systematic failure in allocation of critical care resources. Unplanned admission to critical care can be because of an acute deterioration in an existing clinical condition (potentially preventable), or a serious, unexpected adverse event with a non-modifiable outcome. Unplanned postoperative admissions to critical care demonstrate a wide variation in the proportion of preventable adverse events, between 17.0% and 76.5%. 29 Within our cohort, several complications requiring unplanned admissions were potentially modifiable (Supplementary material, File 1) . Moreover, those requiring unplanned admissions had closer preoperative and operative risk profiles to those admitted directly from theatre (than those remaining in ward care). Whilst this implies that some patients may have benefitted from planned critical care admissions, the timing of complications contributing to unplanned admission was not collected. Therefore, a more indepth understanding of the interaction between early and late complications with failure to rescue was not possible from this dataset.
Our findings suggest variation between hospitals in critical care admission policy and capacity; this could have contributed to the incidence of unplanned ICU admission. Ensuring that appropriate patients are admitted to critical care after surgery has been highlighted as a priority in the UK in recent NCEPOD recommendations, 14 and National Emergency Laparotomy Audit (NELA). 6 Current NELA standards recommend that all emergency laparotomy patients should undergo preoperative risk assessment, and that patients with a predicted mortality !10% are admitted to critical care after operation. In comparison with 2015 NELA data, the standardised (44%) and adjusted rates (49%) of direct postoperative admission to critical care were lower than the 60% previously recorded. 6 Furthermore, as in our study, significant variations in local practice have been previously noted regarding postoperative critical care admissions. 9, 30, 31 Admission rates between 31% and 100% (median: 56%) of emergency laparotomy patients have been observed across England, 13 and key determinants are likely to be local case-mix, clinical decision-making, and critical care availability. While variation in practice is inevitable based on these considerations, 15 quality improvement should focus on recognising and standardising the aspects of variation that positively impact perioperative care across centres. Data on critical care capacity was not collected in DISCOVER, however it has been previously reported that centres with the lowest bed capacities have significantly higher 30-day mortality after high-risk emergency general surgical procedures. 9 There is also evidence to suggest that access to critical care, rather than the absolute capacity, is more relevant to reducing mortality. 31 Ensuring adequate critical care capacity to care for appropriately risk-stratified patients remains essential. The importance of rationalisation of critical care resources has been highlighted by a number of recent publications. Day of surgery cancellations have become increasing frequent in modern practice, with a substantial negative impact on patients and healthcare providers 32. The availability of critical care beds has been identified as a key contributor to cancellation of surgery. In a 2018 service-wide analysis, operations with planned post-operative critical care The current analysis had several advantages over previous studies on this topic, which have been principally retrospective and registry-derived. It is based on a large, prospective, multicentre, cohort study of consecutive patients undergoing major gastrointestinal and liver surgery, and its internal validity is high, with case validation demonstrating a high level of case ascertainment and data accuracy. Data were collected on important patient sociodemographic and operative variables relevant to preoperative decision-making, with high completeness.
Our study also has several potential weaknesses. Although the majority of centres in the UK and Ireland which perform gastrointestinal and liver surgery contributed to DISCOVER, 32,34 a participation bias towards larger-volume centres could have affected the critical care capacity and so admission rates observed. The 'snapshot' methodology utilised in DISCOVER can bias the results if the data collection period is not representative of usual practicedthis is a particular concern in lower-volume centres and may have contributed to variation observed (Supplementary material, File 2). The reliability of this study is limited by its observational nature and although associations have been identified, causality cannot be demonstrated. Because of the nature of this paper as a secondary analysis, and being a principally student-led data collection process, granular data on the intraoperative and perioperative management of patients were not feasible to collect. These data may have provided a more complete understanding of the clinical course of these patients, and additional data for adjustment (e.g. delineating Level 2 and 3 beds, preoperative risk scores, or decisions regarding 'do not resuscitate' and treatment restrictions). Finally, the overall 30-day mortality (2.9%, n¼133/4519) is on the higher range of reported postoperative mortality in national registries 33, 35 and so may reflect the focus on major gastrointestinal and liver surgeries, including emergency cases. It is essential that limited critical care resources are directed towards the patients who will benefit most. Within this national cohort, planned and unplanned admissions to critical care were associated with higher odds of postoperative death within 30 days. While unaccounted bias and confounding likely contribute, the consistent lack of benefit observed in this and other studies should prompt reflection on the risk-stratification process for critical care admission, and the additional value of routine admissions after major gastrointestinal and liver surgery. Future research efforts should focus on improving preoperative selection for planned critical care admission to minimise the risk and outcome of complications. In addition, more should be done to understand the causes and timing of unplanned critical care admissions in the early postoperative period to better determine whether planned admissions could avert or mitigate these. Overall, ensuring there remains sufficient capacity and appropriate usage of critical care resources for risk-stratified patients remains a key target for quality improvement in perioperative care.
